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1 EP 0 453 

Description 

The present invention relates to apparatus and 
methods for reducing NO x emissions from a gas tur- 
bine and particularly relates to apparatus and meth- 5 
ods for reducing NO x in a gas catalytic combustion 
system with preburner over the entire operating 
range of the gas turbine. 

As set forth in our prior U.S. Patent No. 
4,845,952, the objectives of many manufacturers of 10 
gas turbines include operating at high efficiency with- 
out producing undesirable air-polluting emissions. 
Conventional fuels normally used in gas turbines, 
when burned, typically produce oxides of nitrogen, 
carbon monoxide and un burned hydrocarbons. 15 

NO x compounds are produced by the reaction of 
nitrogen in the air at the elevated temperatures con- 
ventionally found in combustors of gas turbines. NO x 
formation can be reduced by reducing maximum 
flame temperature in the combustor, for example, by 20 
introduction of steam. However, penalties to thermo- 
dynamic efficiency and increased capital costs are in- 
curred. It is known to use a combustion catalyst in the 
reaction zone of a gas turbine combustion system to 
promote complete combustion of lean pre-mixed fuel 25 
and air to minimize the level of air-polluting emis- 
sions. Catalytic combustion occurs at a relatively low 
temperature insufficient to generate NO x from nitro- 
gen and oxygen reactions which occur at higher tem- 
peratures. It will be appreciated, however, that when 30 
combustor inlet air temperature and temperature rise 
across the combustion system are too low to support 
catalytic combustion, a diffusion flame preburner may 
be used to obtain catalytic reactor ignition. That is, 
catalytic combustion alone cannot be used over the 35 
entire operating range of the gas turbine because the 
inlet air temperature and temperature rise across the 
combustion system are too low to initiate and sustain 
pre-mixed catalytic combustion during gas turbine ig- 
nition, acceleration and operating at the low end of 40 
the gas turbine load range. 

When using a diffusion flame preburner, how- 
ever, significant amounts of NO x emissions are gen- 
erated. Prior catalytic combustion system designs do 
not include methods for reducing the preburner NO x 45 
emission. Consequently, while low NO x emissions are 
obtained over the mid-operating range of the gas tur- 
bine combustion system, prior catalytic combustions 
systems design do not include any method of reduc- 
ing NO x emissions from the preburner. so 

US-A-4825658 discloses a fuel nozzle for provid- 
ing fuel to the preburner section, wherein the nozzle 
includes an igniter assembly including a coil coated 
with a catalyst material promoting ignition/combus- 
tion under low fuel/heat release conditions. This a rel- 55 
atively complex arrangement for dealing with the low 
temperature operating range. 

US-A-2636342 discloses the introduction of a 
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non gaseous nitrogen compound into the combustion 
zone of a jet engine to give large volumes of gas, with 
a view to stabilizing the burning of the fuel. However 
this disclosure is not concerned with reducing NO x 
emissions. 

Accordingly, a purpose of the present invention is 
to provide a catalytic combustion system and method 
of preburner NO x abatement such that the catalytic 
combustion system may operate with extremely low 
NO x emissions over the entire operating range of the 
gas turbine. 

In one aspect the present invention provides a 
method of operating a gas turbine catalytic combus- 
tion system having a preburner section and a catalytic 
combustion section to minimize or eliminate NO x 
emissions comprising the steps of combusting a 
fuel/air mixture in the preburner section; reducing the 
NO x resulting from the combustion of the fuel/air mix- 
ture in the preburner section by combining the prod- 
ucts of combustion of the preburner section with a 
chemical reactant to reduce NO x at an operating con- 
dition where products of combustion of the preburner 
section are at a temperature too low for catalytic com- 
bustion; operating the preburner section to obtain cat- 
alytic reaction ignition; and upon ignition, operating 
the catalytic combustion section at a combustion tem- 
perature too low to produce NO x whereby NO x emis- 
sions from said gas turbine operation are substantially 
minimized or eliminated. 

In a further aspect the present invention provides 
a gas turbine catalytic combustion system with low 
NO x emissions comprising a preburner section; 
means for introducing fuel and air into the preburner 
section; an igniter in said preburner section for com- 
busting the fuel/air mixture; a catalytic combustion 
section having a catalytic reactor bed having a cata- 
lyst and a reaction zone; means for introducing a lean 
mixture of fuel and air into the catalytic combustion 
bed with catalytic combustion occurring at least ini- 
tially from ignition by the preburner products of com- 
bustion in the presence of the catalyst in the bed; and 
means for mixing compressor discharge air and fuel 
and supplying said mixture to the reaction zone of the 
combustion section for ignition by the hot products of 
combustion exiting the catalytic reactor bed; charac- 
terized in that means are provided in the preburner 
section for reducing the NO x in the products of com- 
bustion of said preburner section, wherein said reduc- 
ing means includes injector means for introducing a 
chemical reactant into the products of combustion of 
said preburner section, said means for introducing a 
lean mixture of fuel and air into the catalytic combus- 
tion bed also including said injector means. 

In an embodiment of the invention described 
hereinafter, a catalytic combustor with a diffusion 
flame preburner is provided for a gas turbine system 
for minimizing NO x emission throughout the operating 
range of the turbine. Three different operating modes 
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for this combustion system are provided overthe load 
range of the gas turbine. The first operating mode is 
a low-load operating condition of the gas turbine 
where only pre burner combustion occurs with chem- 
ical/catalytic NO x removal, i.e., deNO x . For example, 5 
hydrocarbon fuel may be supplied to a preburner 
start-up fuel nozzle and air may be directed to a pre- 
burner combustion zone. An electrical ignition device, 
such as a spark or glow plug, ignites the fuel/air mix- 
ture in the preburner combustion zone with the flame 10 
being stabilized by vortex recirculation generated by 
swiri vanes in the start-up fuel nozzle. Significant 
amounts of thermal NO x are generated by this diffu- 
sion flame reaction within the preburner combustion 
liner. To reduce this NO x to molecular nitrogen and 15 
water vapor, a chemical reactant, such as ammonia, 
urea, isocyanic acid or the like may be injected 
through the primary injector for the catalytic combus- 
tion section (used during mid and high-load operating 
ranges) into the preburner products of combustion. 20 
Mixing may be promoted by the infusion of nitrogen 
with the chemical reactant. The chemical reactant 
may also include enhancers to accelerate the rate of 
reaction with NO x from the diffusion flame preburner. 
The chemical reaction may occur within the catalytic 25 
reactor assembly liner and the catalytic reactor bed of 
the catalytic combustion zone, including the catalyst, 
to accelerate the deNO x chemical reactions. 

In a second operating mode characterized as a 
mid-load operating range for the gas turbine, catalytic 30 
combustion occurs. To achieve this, fuel is supplied 
by the primary injector and mixed with the preburner 
products of combustion. This mixture enters the cat- 
alytic reactor bed which contains a combustion cata- 
lyst, for example, palladium. This mixture of fuel and 35 
preburner products of combustion ignites in the pres- 
ence of the combustion catalyst at preburner dis- 
charge temperature. Once the combustion reaction 
has been initiated, the preburner may be shut down, 
with the reaction being sustained at compressor dis- 40 
charge air temperature. By introducing a lean fuel/air 
mixture into the catalytic reactor bed, combustion re- 
action temperature is maintained too low to produce 
thermal NO x . The hydrocarbon fuel oxidation reac- 
tions go to completion in the reaction zone within the 45 
main combustion liner. Thus, the NO x emissions dur- 
ing low and mid-range operating conditions are sub- 
stantially eliminated or minimized to ultra-low emis- 
sions. 

At high load operating conditions for the gas tur- 50 
bine, a combination of catalytic and pre-mixed com- 
bustion is provided. The catalytic reactor operates in 
the same manner previously described as in the sec- 
ond operating mode, i.e., mid-range catalytic combus- 
tion. A secondary injector, however, is provided for 55 
mixing hydrocarbon fuel with compressor discharge 
air. This fuel/air mixture enters the reaction zone with- 
in the main combustion liner and is ignited by the hot 



products of combustion exiting the catalytic reactor 
bed. Because this fuel/air mixture is lean, combustion 
reaction temperature is likewise too low to produce 
thermal NO x . In this manner, NO x emissions are sub- 
stantially minimized or eliminated throughout the en- 
tire operating range of the gas turbine. 

In a preferred embodiment according to the pres- 
ent invention, there is provided a method of operating 
a gas turbine catalytic combustion system having a 
preburner section and a catalytic combustion section 
to minimize or eliminate NO x emissions comprising 
the steps of combusting a fuel/air mixture in the pre- 
burner section, reducing the NO x resulting from the 
combustion of the fuel/air mixture in the preburner 
section, operating the preburner section to obtain cat- 
alytic reaction ignition and, upon ignition, operating 
the catalytic combustion section at a combustion tem- 
perature too low to produce NO x whereby NO x emis- 
sions from the gas turbine operation are substantially 
minimized or eliminated. 

In a further preferred embodiment according to 
the present invention, there is provided a method of 
operating a gas turbine catalytic combustion system 
at low-load and mid-load ranges of gas turbine oper- 
ation wherein the combustion system has a preburner 
section and a catalytic combustion section, compris- 
ing the steps of, at low-load operation, supplying a 
fuel/air mixture in the preburner section for combus- 
tion, reducing the NO x resulting from the combustion 
of the fuel/air mixture in the preburner section, oper- 
ating the preburner section to obtain catalytic reactor 
ignition in the catalytic combustion section and, upon 
ignition and at mid-load range, operating the catalytic 
combustion section with a lean fuel/air mixture such 
that the combustion reaction temperature is too low 
to produce thermal NO x whereby NO x emissions from 
gas turbine operation at low and mid-load ranges of 
operation are substantially minimized. 

In a still further preferred embodiment according 
to the present invention, there is provided a gas tur- 
bine catalytic combustion system with low NO x emis- 
sions comprising a preburner section, means for in- 
troducing fuel and air into the preburner section, an 
igniter in the preburner section for combusting the 
fuel/air mixture and means for reducing the NO x in the 
products of combustion of the preburner section. A 
catalytic combustion section is provided having a cat- 
alytic reactor bed having a catalyst and a reaction 
zone. Means are provided for introducing a lean mix- 
ture of fuel and air into the catalytic combustion bed 
with catalytic combustion occurring at least initially 
from ignition by the preburner products of combustion 
in the presence of the catalyst in the bed. Means are 
also provided for mixing compressor discharge air 
and fuel and supplying the mixture to the reaction 
zone of the combustion section for ignition by the hot 
products of combustion exiting the catalytic reactor 
bed. 
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In the accompanying drawings: 
Figure 1 is a schematic cross-sectional illustra- 
tion of a catalytic combustor forming part of a gas 
turbine and constructed in accordance with an 
exemplary embodiment of the present invention; 
and 

Figure 2 is a cross-sectional view thereof taken 

generally about on line 2-2 in Figure 1. 

As well known, a gas turbine includes a compres- 
sor section, a combustion section and a turbine sec- 
tion. The compressor section is driven by the turbine 
section through a common shaft connection. The 
combustion section typically includes a circular array 
of a plurality of circumferentially spaced combustors. 
A fuel/air mixture is burned in each combustor to pro- 
duce the hot energetic flow of gas which flows 
through a transition piece for flowing the gas to the 
turbine blades of the turbine section. Thus, for pur- 
poses of the present description, only one combustor 
is illustrated, it being appreciated that all of the other 
combustors arrayed about the turbine are substan- 
tially identical to the illustrated combustor. 

Referring now to Figure 1 , there is shown gener- 
ally at 10, a combustor for a gas turbine engine and 
including a preburner section 12, a catalytic reactor 
assembly 14, a main combustion assembly 16 and a 
transition piece 18 for flowing hot gases of combus- 
tion to the turbine blades, not shown. The preburner 
assembly 12 includes a preburner casing 20, an end 
cover 22, a start-up fuel nozzle 24, a flow sleeve 26 
and a pre-combustion liner 28 within sleeve 26. An ig- 
nition device, not shown, is provided and may com- 
prise a spark or glow plug. Combustion in the pre- 
burner assembly 12 occurs within the combustion 
liner 28. Preburner combustion air directed via flow 
sleeve 26 enters the combustion liner 28 through a 
plurality of holes formed in the liner. The air enters the 
liner under a pressure differential across the liner and 
mixes with fuel from fuel nozzle 24 within the liner. 
Consequently, a diffusion flame combustion reaction 
occurs within liner 28, releasing heat for purposes of 
driving the gas turbine. 

The catalytic combustion zone includes the reac- 
tor assembly 14 and combustion assembly 16. In that 
zone, there is provided an annular support ring into 
which hydrocarbon fuel is supplied via injector 32. For 
example, this might take the form of the multiple Ven- 
turi tube gas fuet injector described and illustrated in 
my U.S. Patent No. 4,845,952, the disclosure of which 
is incorporated herein by reference. Thus, the mixture 
of hydrocarbon fuel and preburner products of com- 
bustion enters the catalytic reactor bed 34 via the cat- 
alytic reactor assembly liner 36. The catalytic reactor 
bed 34 is generally cylindrical in shape and may be 
formed from a ceramic material or substrate of hon- 
eycombed cells coated with a reaction catalyst on 
their surfaces. The reaction catalyst may, for exam- 
ple, comprise palladium. The structure of the catalytic 



reactor bed 34 may be as described and illustrated in 
my U.S. Patent No. 4,794,753, the disclosure of which 
is incorporated herein by reference. Thus, the mixture 
of fuel and preburner products of combustion ignites 

5 in the presence of the combustion catalyst at pre- 
burner discharge temperature. The fuel/air mixture 
entering catalytic reactor bed 34 is very lean and the 
hydrocarbon fuel oxidation reactions go to completion 
in the reaction zone within the main combustion as- 

10 sembly 1 6. 

For operating at high-load conditions for the gas 
turbine, there is provided a secondary fuel injector 40 
comprised of a plurality of Venturi tubes for mixing hy- 
drocarbon fuel and compressor discharge air flow 

15 thereto from a plenum formed by compressor dis- 
charge casing 42 and combustion wrapper 44. This 
secondary fuel/air mixture enters the reaction zone 
16 and is ignited by the hot products of combustion 
exiting the catalytic reactor bed 34. 

20 In operation of the gas turbine, there are three 

distinct operating modes depending upon the load 
range on the gas turbine. The first operating mode is 
at low turbine loads and during initial start-up. In this 
mode, hydrocarbon fuel is supplied to start-up fuel 

25 nozzle 24 and preburner combustion air is provided 
liner 28 through the plurality of liner openings for mix- 
ing with the fuel from the start-up fuel nozzle. A dif- 
fusion flame combustion reaction occurs within the 
preburner combustion liner 28 which is initiated by a 

30 spark or glow plug. To reduce the significant amount 
of thermal NO x generated in the preburner combus- 
tion liner 28, a chemical reactant, for example, ammo- 
nia, urea or isocyanic acid, is provided for injection by 
and through the primary injector 32. The primary in- 

35 jector 32 mixes the chemical reactant with the pre- 
burner products of combustion. Mixing may be pro- 
moted by using an inert carrier gas, such as nitrogen, 
with the chemical reactant The chemical reactant 
may also include enhancers to accelerate the rate of 

40 chemical reaction with the NO x from the diffusion 
flame preburner assembly. The deNO x chemical re- 
action then occurs within the catalytic reactor assem- 
bly liner and the catalytic reactor bed 34 which may 
include a catalyst to accelerate those reactions. Con- 

45 sequently, significantly reduced NO x emissions ob- 
tain from operation of the preburner at low-load oper- 
ating conditions. 

At mid-range operating conditions, hydrocarbon 
fuel is supplied injector 32. The injector 32 mixes the 

so hydrocarbon fuel with the preburner products of com- 
bustion and this mixture enters the catalytic reactor 
bed 34 via the catalytic reactor assembly liner 36. The 
mixture of fuel and preburner products of combustion 
ignites in the presence of the combustion catalyst. 

55 Once the combustion reaction has been initiated, the 
preburner may be shut down, with the reaction being 
sustained at compressor discharge temperatures. 
Because the fuel/air mixture entering the catalytic re- 
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actor bed 34 is lean, the combustion reaction temper- 
ature is too low to produce thermal NO x . The hydro- 
carbon fuel oxidation reactions go to completion in the 
reaction zone within the main combustion assembly 
liner 16. Thus, during mid-range load conditions, the 
temperature of the combustion reaction is too low to 
produce NO x . 

Under high-load conditions, catalytic combustion 
is carried on as described above. Additionally, hydro- 
carbon fuel is supplied the secondary injector 40. In- 
jector 40 mixes the fuel with the compressor dis- 
charge air contained in the plenum formed between 
the discharge casing 42 and the combustion wrapper 
44. This fuel/air mixture enters the reaction zone with- 
in the main combustion liner 16 and is ignited by the 
hot products of combustion exiting the catalytic reac- 
tor bed 34. Because the fuel/air mixture entering the 
main combustion liner 16 is lean, the combustion re- 
action temperature is likewise too low to produce 
thermal NO x . 

Consequently, it will be appreciated that NO x 
emissions are substantially minimized or eliminated 
throughout the entire operating range of the gas tur- 
bine. This has been accomplished simply and effi- 
ciently and by a unique cooperation of essentially 
known gas turbine elements. Importantly, the NO x 
emissions have been minimized or eliminated at the 
low end of the operating range, i.e., when using only 
the pre burner. Also, it has been accomplished using 
elements, i.e., the primary injector, extant in gas tur- 
bines of this type. 



Claims 

1. A method of operating a gas turbine catalytic 
combustion system having a preburner section 
(12) and a catalytic combustion section (34) to 
minimize or eliminate NO x emissions comprising 
the steps of: 

combusting a fuel/air mixture in the pre- 
burner section (12); 

reducing the NO x resulting from the com- 
bustion of the fuel/air mixture in the preburner 
section by combining the products of combustion 
of the preburner section with a chemical reactant 
to reduce NO x at an operating condition where 
products of combustion of the preburner section 
are at a temperature too low for catalytic combus- 
tion; 

operating the preburner section to obtain 
catalytic reaction ignition; and 

upon ignition, operating the catalytic com- 
bustion section (34) at a combustion temperature 
too low to produce NO x whereby NO x emissions 
from said gas turbine operation are substantially 
minimized or eliminated. 



2. A method according to claim 1 including the step 
of shutting down the preburner combustion sec- 
tion once catalytic combustion occurs in the cat- 
alytic combustion chamber. 

5 

3. A method according to claim 1 wherein a primary 
fuel injection (32) is provided for supporting com- 
bustion in the catalytic combustion section and 
including the further steps of introducing the 

w chemical reactant through the primary fuel injec- 
tor into the combustion products of the preburner 
section during preburner operation and subse- 
quently introducing fuel through the primary fuel 
injector for combustion in the catalytic combus- 
ts tion section during catalytic combustion opera- 
tion. 

4. A method according to claim 1 including catalyti- 
cally accelerating the chemical reaction reducing 

20 NO x . 

5. A method according to claim 1 including supply- 
ing a fuel/air mixture into a zone (16) for ignition 
by the hot products of combustion from the cata- 

25 lytic combustion section at a combustion temper- 

ature too low to produce NO x . 

6. A method according to claim 5 wherein the tur- 
bine includes a reaction zone (14) forming part of 

30 the catalytic combustion section in which fuel ox- 

idation reactions go to completion and compres- 
sor having an air discharge and wherein the steps 
of supplying the fuel/air mixture includes combin- 
ing air from the compressor discharge with fuel 

35 (40) and injecting such fuel /air mixture into the 

reaction zone of the catalytic combustion section. 

7. A method according to claim 5 wherein a primary 
fuel injector (32) is provided for supporting com- 

40 bustion in the catalytic combustion section and 

including the further steps of introducing the 
chemical reactant through the primary fuel injec- 
tor into the combustion products of the preburner 
section during preburner operation and subse- 
ts quently introducing fuel through the primary fuel 
injector for combustion in the catalytic combus- 
tion section, wherein the step of reducing NO x re- 
sulting from the combustion of the fuel/air mixture 
in the preburner section includes combining the 
so products of combustion of the preburner section 
with a chemical reactant to reduce NO x . 

8. A gas turbine catalytic combustion system with 
low NO x emissions comprising: 

55 a preburner section (12); 

means for introducing fuel and air (24,28) 
into the preburner section; 

an igniter in said preburner section for 
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combusting the fuel/air mixture; 

a catalytic combustion section (14) having 
a catalytic reactor bed (34) having a catalyst and 
a reaction zone; 

means (32,36) for introducing a lean mix- 
ture of fuel and air into the catalytic combustion 
bed with catalytic combustion occurring at least 
initially from ignition by the preburner products of 
combustion in the presence of the catalyst in the 
bed; and 

means for mixing compressor discharge 
air and fuel (36,40) and supplying said mixture to 
the reaction zone of the combustion section for 
ignition by the hot products of combustion exiting 
the catalytic reactor bed; 

characterized in that means are provided 
in the preburner section for reducing the NO x in 
the products of combustion of said preburner 
section, wherein said reducing means includes 
injector means (32) for introducing a chemical re- 
actant into the products of combustion of said 
preburner section, said means for introducing a 
lean mixture of fuel and air into the catalytic com- 
bustion bed also including said injector means. 



Patentanspruche 

1. Verfahren zum Betreiben eines katalytischen 
Verbrennungssystems einer Gasturbine mit ei- 
nem Vorbrennerabschnitt (12) und einem kataly- 
tischen Verbrennungsabschnitt (34) zum Mini- 
mieren Oder Eliminieren von NO x Emissionen, 
enthaltend die Schritte: 

Verbrennen eines Brennstoff/Luft-Gemi- 
sches in dem Vorbrennerabschnitt (12), 

Reduzieren der NO x , die aus der Verbren- 
nung des Brennstoff/Luft-Gemisches in dem Vor- 
brennerabschnitt entstehen, durch Vereinigen 
der Verbrennungsprodukte des Vorbrennerab- 
schnitts mit einem chemischen Verbrennungs- 
hilfsstoff zum Reduzieren von NO x bei einem Be- 
triebszustand, wo Verbrennungsprodukte des 
Vorbrennerabschnitts auf einer fur eine katalyti- 
sche Verbrennung zu niedrigen Temperatur sind, 

Betreiben des Vorbrennerabschnitts, um 
eine Zundung der katalytischen Reaktion zu er- 
halten, und 

bei Zundung, Betreiben des katalytischen 
Verbrennungsabschnitts (34) bei einer Verbren- 
nungstemperatur, die fur eine Erzeugung von 
NO x zu niedrig ist, wodurch NO x Emissionen aus 
dem Gasturbinenbetrieb im wesentlichen mini- 
miert oder eliminiert werden. 

2. Verfahren nach Anspruch 1 , wobei der Vorbren- 
nerabschnitt abgeschaltet wird, wenn die kataly- 
tische Verbrennung in der katalytischen Brenn- 



kammer auf tritt. 

3. Verfahren nach Anspruch 1 , wobei eine primare 
Brennstoff injektion (32) vorgesehen ist zum Un- 

5 terhalten einer Verbrennung in dem katalytischen 

Verbrennungsabschnitt, und der chemische Ver- 
brennungshilfsstoff durch den primare n Brenn- 
stoff injektor in die Verbrennungsprodukte wan- 
rend des Vorbrennerbetriebs eingefuhrt wird und 

w anschlieRend Brennstoff durch den primaren 

Brennstoffinjektor eingefuhrt wird fur eine Ver- 
brennung in dem katalytischen Verbrennungsab- 
schnitt wahrend des katalytischen Verbrennungs- 
vorgangs. 

15 

4. Verfahren nach Anspruch 1 , wobei die NO x redu- 
zierende chemische Reaktion katalytisch be- 
schleunigt wird. 

20 5. Verfahren nach Anspruch 1, wobei ein Brenn- 
stoff/Luft-Gemisch einer Zone (16) zugefuhrt 
wird fur eine Zundung durch die hei&en Verbren- 
nungsprodukte aus dem katalytischen Verbren- 
nungsabschnitt bei einer Verbrennungstempera- 

25 tur, die zur Erzeugung von NO x zu niedrig ist. 

6. Verfahren nach Anspruch 5, wobei die Turbine ei- 
ne Reaktionszone (14), die einen Teil des kataly- 
tischen Verbrennungsabschnitts bildet, in dem 

30 Brennstoffoxidationsreaktionen abgeschlossen 

werden, und einen Verdichter mit einem Luftaus- 
gang aufweist, und wobei in dem Schritt des Zu- 
fuhrens des Brennstoff/Luft-Gemisches Luft aus 
dem Verdichterausgang mit Brennstoff (40) ge- 

35 mischt wird und dieses Brennstoff/Luft-Gemisch 

in die Reaktionszone des katalytischen Verbren- 
nungsabschnitts injiziert wird. 

7. Verfahren nach Anspruch 5, wobei ein primarer 
40 Brennstoffinjektor (32) zur Unterhaltung einer 

Verbrennung in dem katalytischen Verbren- 
nungsabschnitt vorgesehen ist und ein chemi- 
scher Verbrennungshilfsstoff durch den primaren 
Brennstoffinjektor in die Verbrennungsprodukte 

45 des Vorbrennerabschnitts wahrend des Vorbren- 

nerbetriebs eingefuhrt wird und anschlie&end 
Brennstoff durch den primaren Brennstoffinjek- 
tor eingefuhrt wird fur eine Verbrennung in dem 
katalytischen Verbrennungsabschnitt, wobei in 

so dem Schritt des Reduzierens von IMO x , die aus 

der Verbrennung des Brennstoff/Luft-Gemisches 
in dem Vorbrennerabschnitt resultieren, die Ver- 
brennungsprodukte des Vorbrennerabschnitts 
mit einem chemischen Verbrennungshilfsstoff 

55 gemischt werden, um NO x zu reduzieren. 

8. Katalytisches Gasturbinen-Verbrennungssystem 
mit geringen NO x Emissionen, enthaltend: 
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einen Vorbrennerabschnitt (12), 
eine Einrichtung zum Einfuhren von 
Brennstoff und Luft (24,28) in den Vorbrennerab- 
schnitt, 

eine Zundeinrichtung in dem Vorbrenner- 
abschnitt zum Verbrennen des Brennstoff/Luft- 
Gemisches, 

einen katalytischen Verbrennungsab- 
schnitt (14) mit einem katalytischen Reaktorbett 
(34) mit einem Katalysator und einer Reaktions- 
zone, 

eine Einrichtung (32,36) zum Einfuhren ei- 
nes mageren Gemisches von Brennstoff und Luft 
in das katalytische Verbrennungsbett, wobei eine 
katalytische Verbrennung wenigstens zunachst 
auftritt durch eine Zundung durch die Verbren- 
nungsprodukte des Vorbrenners in Gegenwart 
des Katalysators in dem Bett, und 

eine Einrichtung zum Mischen von Ver- 
dichterausgangsluft und Brennstoff (36,40) und 
zum Zufuhren des Gemisches in die Reaktions- 
zone des Verbrennungsabschnitts fur eine Zun- 
dung durch die hei&en Verbrennungsprodukte, 
die aus dem katalytischen Reaktorbett austreten, 

dadurch gekennzeichnet, daR in dem Vor- 
brennerabschnitt Mittel vorgesehen sind zum Re- 
duzieren der NO x in den Verbrennungsprodukten 
des Vorbrennerabschnitts, wobei die Reduzier- 
mittel eine Injektoreinrichtung (32) zum Einfuhren 
eines chemischen Verbrennungshilfsstoffes in 
die Verbrennungsprodukte des Vorbrennerab- 
schnitts aufweisen und wobei die Einrichtung 
zum Einfuhren eines mageren Gemisches von 
Brennstoff und Luft in das katalytische Verbren- 
nungsbett auch die Injektoreinrichtung enthalt. 



Revendications 

1. Proc6de de fonctionnement pour un systeme de 
combustion catalytique de turbine a gaz posse- 
dant une section de pre-bruleur (12) et une sec- 
tion de combustion catalytique (34) pour minimi- 
serou eliminer les Emissions de NO x> comportant 
les Stapes suivantes : 

la combustion d'un melange combusti- 
ble/air dans la section de pr£-brGleur (12) ; 

la reduction du NO x resultant de la 
combustion du melange combustible/air dans la 
section de pr6-bruleur en combinant les produits 
de combustion de la section de pre-bruleur avec 
un reactif chimique af in de reduire ie NO x sous 
des conditions de fonctionnement dans lesquel- 
les les produits de combustion de la section de 
pre-bruleur sont a une temperature trop basse 
pour la combustion catalytique ; 

le fonctionnement de la section de pre-bru- 
leur pour obtenir Tamorgage de la reaction cata- 



lytique ; et 

lors de Tamorcage, te fonctionnement de 
la section de combustion catalytique (34) a une 
temperature de combustion trop basse pour pro- 
5 duire du NO x , grace a quoi les emissions de NO x 

dudit fonctionnement de la turbine a gaz sont 
substantiellement minimisees ou elimin6es. 

2. Procede selon la revendication 1, comportant 
10 I'etape d'extinction de la section de combustion 
du pre-bruleur lorsque la combustion catalytique 
se produit dans la chambre de combustion cata- 
lytique. 

15 3. Procede selon la revendication 1, dans lequel 
une injection de combustible primaire (32) est ef- 
fectuee pour maintenir la combustion dans la sec- 
tion de combustion catalytique, et comportant les 
etapes additionnelles d'introduction du reactif 

20 chimique par Tinjecteur de combustible primaire 

dans les produits de combustion de la section de 
pr6-bruleur durant le fonctionnement du pre-bru- 
leur, puis d'introduction de combustible par Tin- 
jecteur de combustible primaire pour la combus- 

25 tion dans la section de combustion catalytique 

durant r operation de combustion catalytique. 

4. Procede selon la revendication 1, comportant 
['acceleration catalytique de la reaction chimique 

30 redutsant le NO x . 

5. Procede selon la revendication 1, comportant la 
delivrance d'un melange combustible/air dans 
une zone (16) pour I'allumage paries produits de 

35 combustion chauds issus de la section de 

combustion catalytique a une temperature de 
combustion trop basse pour prod u ire du NO x . 

6. Procede selon la revendication 5, dans lequel la 
40 turbine comporte une zone de reaction (14) fai- 

sant partie de la section de combustion catalyti- 
que, dans laquelle les reactions d'oxydation du 
combustible vont jusqu'a leur achievement, et un 
compresseur ayant une decharge d'air, et dans 

45 lequel les etapes de delivrance du melange 

combustible/air comprennent la combinaison de 
I'air provenant de la decharge du compresseur 
avec du combustible (40) et Tinjection de ce me- 
lange combustible/air dans la zone de reaction de 

so la section de combustion catalytique. 

7. Procede selon la revendication 5, dans lequel un 
injecteur de combustible primaire (32) est dispo- 
se pour maintenir la combustion dans la section 

55 de combustion catalytique, et comportant les eta- 

pes additionnelles d'introduction du reactif chimi- 
que par Tinjecteur de combustible primaire dans 
les produits de combustion de la section de pre- 
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bruleur durant le fonctionnement du pre-bruleur, 
puis d'introduction de combustible par I'injecteur 
de combustible primaire pour la combustion dans 
la section de combustion catalytique, dans lequel 
I'etape de reduction du NO x resultant de la 5 
combustion du melange combustible/air dans la 
section de pre-bruleur comprend.la combinaison 
des produits de combustion de la section de pre- 
bruleur avec un reactif chimique afin de reduire le 
NO x . 10 

Systeme de combustion catalytique de turbine a 
gaz a faibles emissions de NO x , comportant : 

une section de pre-bruleur (12) ; 

des moyens pour introduce du combusti- 15 
ble et de I'air (24, 28) dans la section de pre-bru- 
leur ; 

un dispositif d'allumage dans ladite sec- 
tion de pre-bruleur pour provoquer la combustion 
du melange combustible/air ; 20 

une section de combustion catalytique 
(14) possedant un lit de reacteur catalytique (34) 
ayant un catalyseur et une zone de reaction ; 

des moyens (32, 36) pour introduire un 
melange pauvre de combustible et d'air dans le lit 25 
de combustion catalytique, la combustion cataly- 
tique se produisant au moins initialement sous 
Teffet de I'allumage par les produits de combus- 
tion du pre-bruleur en presence du catalyseur 
dans le lit ; et 30 

des moyens pour melanger I'air de dechar- 
ge du compresseur et le combustible (36, 40) et 
pour delivrer ledit melange a la zone de reaction 
de la section de combustion pour Tallumage par 
les produits de combustion chauds qui quittent le 35 
lit de reacteur catalytique ; 

caracterise en ce que des moyens sont 
disposes dans la section de pre-bruleur pour re- 
duire le NO x dans les produits de combustion de 
ladite section de pre-bruleur, dans lesquels les- 40 
dits moyens de reduction comportent des 
moyens formant injecteur (32) pour introduire un 
reactif chimique dans les produits de combustion 
de ladite section de pre-bruleur, lesdits moyens 
pour introduire un melange pauvre de combusti- 45 
ble et d'air dans le lit de combustion catalytique 
comportant egalement lesdits moyens formant 
injecteur. 
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